Abstract-In this paper, modeling of a three-phase Active Power Filter (APF) considering hybrid dynamics is investigated. A shunt active filter is considered to compensate for the current disturbances from the utility load. Power electronic circuits using APFs are considered as hybrid systems, and the concepts and theories of switched linear systems are introduced to model converter control systems. First, a three-phase converter system is equivalent to a switch linear system (ESLS) based on space vector pulse-width modulator (SVPWM) theory. Then, an ESLS is further transformed into a linear equivalent switch linear system by linearization. Finally, an energy-to-energy (EE) controller is designed.
I. INTRODUCTION
In recent years, various power semiconductor devices such as power diodes, thyristors, power transistors, P-MOSFETs, and IGBTs have been introduced and steadily developed. Power switching devices are being widely used in various power electronic circuits. During the operation of a power switch, power electronic circuits will show different topologies. Conventional power electronic circuit modeling uses the state-space averaging method, the average value of the equivalent circuit, the phase plane method, a large signal equivalent circuit model of unity, and so on. These modeling methods approximate their results to some extent and do not calculate exact amounts for the described system. In addition, we know that system modeling is an important tool and a prerequisite for researching systems. A good model can be helpful in system analysis. Thus, the question is how to accurately describe various kinds of circuit topologies that occur during the operation of a power switch, using a model.
With the development of modern control theory, the theory of hybrid switching systems for power electronic circuit analysis and design provides a new way of thinking. A hybrid system is defined as consisting of a discrete event dynamic system (DEDS) and a continuous variable dynamic system (CVDS). [1] Obviously, power electronic circuits owing to their own switching characteristics comprise a typical amount of hybrid systems. As an important type of hybrid system, a switching system can more accurately describe the essential Hui Song, Eun-Sung Gil and Kwan-Ho Chun are with Chungnam National University, South Korea (e-mail: khchun@cnu.ac.kr).
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A hybrid switching system model description for power electronic circuits has the following characteristics: First, the model is completely accurate. There are no approximations. Various topologies of a converter can be reflected in the actual work, which reflects the essential characteristics of a hybrid switching system. Second, the model has very good uniformity. If various topologies of a converter are established, the first part of the model can be determined. Third, the basic characteristics of the control system can be easily analyzed. These characteristics include controllability, observability, and stability. Fourth, we are no longer limited to linear theoretical analysis and can model directly from the hybrid system. Proposing new control strategies and better system optimization will be possible [2] .
II. LINEAR SYSTEM MODEL OF APF
The APF [3] - [5] circuit is a typical example of power electronics. Its structure is shown in Fig. 1 . As seen in the figure, the desired APF compensation current is determined through the detection system and the load current calculation, and then through a specific control algorithm to calculate the original closing of each switch-off time by the drive circuit to achieve the original control. Fig. 2 is a three-phase active filter circuit that is parallel with the load [6] . Its advantages are simple structure, small size, and high efficiency. The detection system detects the reference signal * i . In controlling six switches by turning them off and on, the APF generates a current i track equivalent load resistance, sj r is the resistance to the system power supply, and dc V is the DC capacitor voltage.
If the system load is disturbed, the system model can be expressed as follows: 
where  represents a three-phase interference signal.
Represented by the switch status s , its value is as follows: 
The formula can be obtained by inserting (2) and (3) 
This result is a three-phase APF switching dynamic model. To achieve load current compensation, select the output function: 
III. EQUIVALENT SWITCH LINEAR SYSTEMS OF APF
This paper will use the SV-PWM [6] , [7] method. Fig. 3 shows the reference signal in the first sector.
One PWM cycle has seven subintervals of time, within each subinterval corresponding to a different state. To simplify the calculation, Fig. 3 is rearranged to give Fig. 4 . Then, in one period, the SVPWM generates four subintervals of time. To determine the PWM waveform, we just need to calculate 1 d , 2 d and 3 d .
Suppose the reference signal is at the first sector. System (4) can be seen as a switched linear system consisting of four linear subsystems. [See formula (5) .] The values of the switching function of each subsystem are shown in Table I . 
Formula (5) shows each subsystem of an APF as a continuous variable dynamic system. The switching operation of each subsystem is a discrete event dynamic system. State changes from x0 to x through the intermediate 3  3  2  1   3  3  3  3  3  3  3  2  1  2 1 0 1 1 1 This research paper models the equivalent of an APF. Other power electronic circuits provide reference values for further study
